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INVESTIGATIONAT TRANSONICSPEEDSOF TEELATERAL-CONTROL

ANDECNGE-MQMENTCHARACTERISTICSOFA FLAP-TYPE

SPOILERAILERONON A 60°DELTAWING

By HsrlethG.WileyandRobertT.Taylor

SUMMARY

An investigationushg thereflection-planetechniquewasmadein
theLangleyhigh-speed7- by 10-foottunnelattransonicspeedsofthe
later~-controlandhinge-momentcharacteristicsof a 0.67 semispanflap-
typespoileraileronon a semispsm60°deltawingof0.045maximumthick-
nessratio..Thespoileraileronhada constantchordof 10.29percent
wingmeanaerodynamicchordandwashingedatthe81.9-percent-wing-
root-chordstationparalleltothewingtrailingedge. Testsweremade
forvariousspoilerprojectionswiththespoiler-aileronslotopen,par-
tiallyclosed,andclosed.

Theresultsindicatedreasonablylinearvariationsof incremental.
rolling-momentcoefficientandhinge-mmentcoefficientwithspoiler
projectionexceptatprojectionslessthan-2percentmeanaerodynamic
chordandatanglesof attackgreaterthan12°. ResultsweregenersILy
independentof slotgeometry.

INTRWUCTION

Generalinterestinthindeltawingshasintroducedtheproblemof
providingadequatelateralcontrolwithlinearcontrolhinge-nmmentchar-
acteristicsthroughoutthedesi~ speedrange.Severalexploratory
investigationson a deltawingatlowspeeds(refs.1 and2)haveindi-
catedthatsatisfactorylateralcontrolmaybe obtainedwitha spoiler.
A subsequentinvestigationattrsmsonicspeeds(ref.3) indicatedthat
theeffectiveangle-of-attackrangeof a spoilermaybe materially
increasedwitha wingslotattherem ofthespoiler.Becausethe
investigationsofreferences1 and2 werefavorable,a thin600 delta
wingeqtippedwitha flap-typespoileraileronwasdesignedandtested
todeterminespoilereffectivenessandhingemomentsattransonicspeeds.
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Thecontrolwasusedtoexploittheinherentspoileradvantagesofreduc-
tionof controlreversalduetowingtwistandofminimumst~cturalinter-
ferencewithhigh-liftandlongitudinalcontroldevices.Theconstant-
chordspoileraileronwashingedat 81.9percentwingrootchordandwas
arrangedsothata slotinthewhg was.openedasthespoilerwaspro-
jected.Severalvariationsof slotgeometrywereinvestigated.

Reportedhereinarethelaterdl.-controlandhinge-momentcharacter-
isticsofthespoileraileron,asmountedon a thin60°deltawingof
aspectratio2.31. Thewinghadbeveledleadingandtrailingedgesand
thethicknessratiovariedfromapproximately1.5percentattheroot
to 4.5percentatthe66.7-percent-semisPanstation.Thetestswere
madeontheside-wallreflectionplaneoftheLangleyhigh-speed7-by
10-foottunnelatMachnumbersof0.62to about1.o8overan angle-of-
attackrangeof approx~te~ -4°to 36°. Spoilerprojectionsinvesti-
gated

q .

Nn =

variedfromO to -6.94 percenttig meanaerodynamicchord.

coEl?FIclmTsAND SYMBOIS

Incrementalrollinfzmoment(uncorrected)
(@b

Incrementalyawingmoment(uncorrected)
(@b

Ch= Hingemomentaboutcontrolhingeline (positivemomenttendsto
2qMl

returnspoilerto zeroprojection)

b wingspan,O.mft

c localwingchord,ft

E

s

Ml area

mesnaerodynamicchord,O.~1 ft

area,0.2TT ft2

momentof spoileraileronbehindhingeline,0.KI0253ft3

a angleof attack,deg
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88 spoilerprojectionabovewingsurfacemeasurednormalto chord
plaue,percentmeanaerodynamicchord,(negativewhentrailing
edgeisup)

P free-stresmdensity,slugs/ft3

q ~@J2,lb/ft2free-streamdynsmicpressure,a

v free-stresmvelocity,ft/sec

M Machnumber

R Reynoldsnumber,basedon 5

Ma averagelocalMachnumber

Y spanwisedistance,ft

MODELANDAPPARATUS

Thesemispanwingusedin’theinvestigation(fig.1),wasoftrian-
.gulsrplanformwitha leading-edgesweepof 600,-anaspectratioof2.31,
anda taperratioofO. Thewingwasessentiallya l/8-inch-thickflat
platewithbeveledleadingandtrailingedges.Theresultingthickness
ratiovariedfromabout1.5percentattheroot-chordstationto4.5per-
centatthe66.7-percent-semispanstation,witha constsntk.5-percent-
thicknessratiofromthe66.7-percent-semispanstationtothetip. A
brasshaM-fuselage,theordinatesofwhicharegiveninreference4,
wasmountedonthemodelwiththefuselagecenterlinecoincidentwith
therootchordofthewing.

Thewing,intheprimaryconfiguration,wasequippedwitha slotted
flap-typespoileraileronwiththehingelinelocatedat 81.9percent
wingrootchordandparalleltothewingtrailingedge. Thespoiler
aileronhada constantchordof 10.29percentofthewingmeanaerodynamic
chord,andextendedfromthefuselagetothe66.7-percent-wing-semispan
station.Inorderto determinetheeffectof slotgeometry,theoriginal
modelconfigurationwasmodified- showninfigure1.

Themodelwasmountedwiththewingchordplanenormalto thesur-
faceofthereflectionplanewitha l/32-inchclearancegapbetweenthe

. fuselageandthesurfaceofthereflectionplane.Thewingbuttextended
throughthereflectionplaneandwaaattachedto a five-componentelec-
tricalstrain-gagebalancemountedina sealedchamberontheoutsideof

.

“-

—.—.-



. ..——_ ——

4 < NACARM L~~05
—— .. ...

thetunnelwall. Thespoiler-aileronwasconnectedby a torsionrod
whichextendedthroughthereflection,pl~e to a straingagemountedon
thebuttofthemodel.Aerodynamicforcesandmomentsweremeasuredby
meansof a calibratedpotentiometerconnectedto thestraingages.

TESTSANDREDUCTIONOFDATA

ThetestsweremadeintheLangleyhigh-speed7-by 10-footwind
tunnel,utilizingthehigh-velocityflowfieldovera reflectionplane
mountedonthesidewallof thetumnelasdescribedindetailinref-
erence4. TypicallocalMachnunibercontourswiththemodelremovedbut
withthemodelpositionsuperimposedonthechartsareshowninfigure2.
Thecharts~cate a msximwspanwiseMachnuuibervariationoverthe
wingsemispanof0.04anda maximumclyxih.dse~adientof about0.08.
TheeffectivetestMachnrmiberwasobtatiedfromcontourchartssimilar
to thoseof figure2 by usingtherelatiotihip

Incrementalrolling-momentcoefficientZWt,incremental,yawing-
momentcoefficientL& andhinge-momentcoefficientCh,wereobtained
overa llachnumberrangeof about0.62to 1.08 forthewingequippedwith
theoriginalslottedspoileraileron,andat severalintermediateMach
numbersforthemodifiedconfigurations.Testsweremadeoveran angle-
of-attackrangeof -4°to %0 smdovera spoilerprojectionrangeofO
to -6.94percentmeanaerodynamicchord.Reyno@ numberforthetests
(fig.3)vsriedwithMachnumberfromapproximatelyl.4x 106to 1.8x 106.

TorsionaldeflectionsofthecontroI,torsionrod,andmounting
assembly,whenstaticallyloadedto anticipatedaerodynamicloadlimits,
werefoundtobe negligiblesndthereforeno correctionsfordistortion
wereapplied.Thedatawerenotcorrectedforthepresenceofthereflec-
tionplane.
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RESULTSANDDISCUSSION

ControlCharacteristicsofa Slotted

Flap-TypeSpoilerAileron

Lateral-controlcharacteristics.-Thevariationof incremental
rollinn-momentandyawing-momentcoefficientswithspoilerprojection
atvariousanglesof attackandMachnumbersarepresentedinfigures4(a)
and4(b),respectively,fortheoriginalopen-slotspoiler-aileroncon-
figuration.Belowsonicvelocities,thevariationof incrementalrolling-
momentcoefficientNZ withprojectionaboveprojectionsof -0.025,was
generallylinesrup to anangleof attackof about12°,witherratic
variationsofrolMng+nomentcoefficientatlowprojectionsbetween
M=o.83@o.8g (fig.4(a)).At anglesofattackabove12°at sub-
sonicspeeds,andatallanglesof attackat M = 1.o8,thevariation
of LCZ wasnonlinearandgenerallyinconsistentwithincreaseinpro-
jection.Thevariationof incrementalyawing-mmentcoefficientL&
withspoilerprojection(fig.4(b))wassmallbutfavorableatanglesof
attackup to 4°,becominggenerallyunfavorablewithincreasedprojection
athighanglesof attack.

Hinge-nmnentcharacteristics.-At lowspoilerprojectionsup to
-2percentmeanaerodynamicchord,thevariationof hinge-moment coeffi-
cientCh withprojection(fig.4(c))wasverynonlinear,tendingto
reversalin senseatnearlyallMachnunbersandanglesof attack.(This
reversalinsignof Ch atlowprojectionsisa characteristicof spoiler-
aileronsofthistypeandtidicatesthetendencyofthecontrolto open
inthedirectionofwinglift.)Abovea projectionof -2percent,how-
ever,therewasa generallyIIOd-iIIe~iIM2?7eaSeOf Ch with tiCI%aSe Of

projectionat allllachnumbersandanglesof attack.

EffectsofModifications

Inanattemptto tiprovethenonlinesrtrendsoftheincremental
rolling-momentandhinge-momentcharacteristicsoftheoriginslslotted
spoiler-aileronconfiguration,particularlyat lowspoilerprojections,
testsweremadetodeterminetheeffectsof severalmodificationstothe
spoilerslot.Testsweremadewiththeslotpartiallysealedandfully
sealed,bothmodificationsbeingmadeinconjunctionwitha modified
(squsre)slottrailingedge(fig.1).

Effectsofpartiallysealedslotandsquareslottrailingedge.-
Controlcharacteristicsofthespoilerailerontithpartiallysealedaud
squareslottrailingedgearepresentedinfigure5. Thevariationof

.
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incrementalrolllng-momentcoefficientwithspoilerprojectionforthe
spoileraileronwiththepartiallysealedslotandsquareslottrailing
edge(fig.5(a)),showedno significantimprovementinlinearityatlow
projectionsoverthatoftheoriginalslottedconfiguration.Control
effectiveness(absolutevalueof Li2z)at constantangleof attackand
projectionwasgenerallydecreasedatallMachnumbers.No significant
tiCP3aSe in linearityofthevariationof Ch withprojectionatlow
projectionswasapparent(fig.5(c)).

Effectsof sealedslotandsqusreslottrailingedge.-Controlchar-
acteristicsofthespoileraileronwithsealedslotandsquareslot
trailingedgearepresentedinfigure6. Incorporationof a sealedslot
andsquareslottrailingedgeresultedin increasedlinearityinthe
vsriationof NZ withprojectionandlittlechangein controleffect-
ivenessatanglesofattackupto 12°forMachnumbersof 0.83andO.96
(fig.6(a)).At M= 0.62,however,therewasa decreaseinlinearity
andcontroleffectivenessup to a projectionof -4.9percentmeanaero-
dynamicchord.

No significantimprovementswerenotedinthehinge-momentchar-
acteristicsofthesealedslotconfigurationotherthana decreasein
absolutevalueof ~ at constantcontrolprojectionathighanglesof
attack(fig.6(c)).

Combinationof slottedspoileraileronanddeflectorplate.-Onthe
basisofresultsof thetestspresentedinthispaper,theslottedflap-
type,spoileraileronhadgenerallyunacceptablecontroleffectiveness
andhinge-momentcharacteristicsat controlprojectionsof lessthan
dl.025andanglesof attackgreaterthan12°. Incorporationofa linked
deflectorplateonthelowr surfaceofthewingto aidindirectingair
throughtheslot,anarrangementfoundsuccessfulintheinvestigation
ofreference~,is s~ested asa possiblemeansof @roving thelateral-
controleffectivenessofthespoileraileronatthehigheranglesof
attack.

CONCLUDINGREMARKS

Theresultsof sm investigationofa thin600deltawingequipped
witha slottedflap-typespoileraileronrevealthatthevariationof
incrementalrolJ_@g-momentcoefficientNl andhinge-momentcoeffi-
cientCh withspoilerprojectionwasgenerallylinearforspoilerpro-
jectionsabove-2percentmeanaerodynamicchordandanglesof attackup
to aboutK@ withfavorablevariationsof incrementalyawing-momentcoef-
ficient~ atanglesof attackbelow4°. Extremenonlinearitiesin

—— — .
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thevariationof LCz and Ch,gener~y occurredat spoilerprOjeCtiOIE3
less than-2percentandatanglesof attackWeaterthanI&.

Closingtheslotandchangingtheslotgeometrydidnotsignificantly
improvethenonlineartrendstithevariationof 2CZ snd Ch with
spoilerprojection.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.September29,1953.
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